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Motivation
The motivation for this paper comes from the belief that mobile phones can be leveraged to uplift the economic status of female-headed households at the bottom of the pyramid (BOP) perhaps even more than those headed by men. There is increasing evidence that women are better than men at managing microfinance at the BOP, women micro-entrepreneurs have shown that they have what it takes to improve the conditions of their households if provided with the right tools. We posit that managing a household includes a number of elements of managing an enterprise; particularly ensuring its financial sustainability. Thus if female-headed households who appear to be financially worse off than male-headed households are provided with access to the right kind of economic-related information to manage the household via mobile phones processed by almost all of them, these women could possibly be helped out of their financial distress. We take a very initial look at this question in this paper.
Literature Review and Theoretical Framework
This section considers the literature on the use of mobile phones and economic benefits at the BOP and how, if at all, being a woman impacts such use and benefits. We then consider the literature on women's success in microfinance and micro-enterprises and also the impact of the use of mobile phones in the success of such enterprises. We then theorize that if significant differences exist in the economic conditions and the use of mobile phones between femaleheaded households and male-headed households then specific interventions could be designed to encourage greater use of mobile phones and more-than-voice services by female-headed households to improve the financial standing of female-headed households.
Adoption, use and economic benefits of mobile phones at the BOP
Clear evidence is now emerging that mobile phones are not only becoming ubiquitous but are making daily life easier, safer, more profitable and more enjoyable at the BOP. LIRNEasia, a regional think tank on ICT policy and regulation, studying the use of telephones in the emerging
Asian region since 2004 has been able to map this process in the region providing perhaps the only such historically comparable analysis of the mobile phone revolution that is changing the way men, women and children live and work in that part of the world. 1 (LIRNEasia, 2005; 2006; 2008-09; 2011) Giving credence to the general finding that the mobile phone is becoming an indispensable and useful tool for every-day life Agüero and de Silva (2010) find that mobile phone services have now moved closer to the regular consumption basket at the BOP; in that the service has shifted from being a luxury to a necessity in economic terms.
In this background, research on drivers of adoption of mobile phones at the BOP in general (de Silva and Ratnadiwakara 2011) and more-than-voice services on mobile phones (short message services or SMS, or applications for information on economic, entertainment or general matters, entertainment services, competitions etc.) at the BOP (Zainudeen and Ratnadiwakara 2008) have found that besides socio-demographic variables such as higher level of education and ability to spend that increase the odds of adoption, social pressure measured by the connectedness of a person's social network is also an important driver in the decision to adopt mobile phones as well as more-than-services. Unsurprisingly they also found that those who perceive higher levels of benefits of using phones have a higher tendency to use more thanvoice services.
Earlier-referenced series of studies by LIRNEasia show that mobile phones at the BOP are being used for numerous purposes ranging from keeping in touch to entertainment to helping in costsavings and income generation to acting in emergencies. Agüero and de Silva (2010; p.14) claim that "particularly, for the poor, it (mobile phones) has proven to work efficiently as an information enabler, to help enhance productivity, to overcome geographic limitations and to maintain and support social relationships or networks."
While it is accepted that mobile phones provide multiple benefits to users, to what extent the phone and the service they could enhance their economic wellbeing, has been the subject of much research over the years. Research into the impact of telecommunication services at the macro-level is fairly rich. Many studies over time have concluded that access to telecom has a strong impact on growth and economic development and on poverty reduction. Roeller and 1 See http://lirneasia.net/projects/icts-the-bottom-of-the-pyramid/ for a comprehensive list of LIRNEasia studies on use of telephones at the BOP Waverman (2001) as well as Waverman, Meschi and Fuss (2005) are some widely cited studies that have demonstrated the positive impacts of people's access to telecommunication services and economic growth and development by considering the supply-side of the equation.
However, at the micro-level or the demand-side perspective, the evidence has been mixed. Souter et al. (2005) assessing the impact of telephones on the livelihoods of low-income rural communities in Mozambique, Tanzania and Gujarat found impact on financial capital were mixed with most benefit coming from saving travel time but little impact on income generation. Several years later de Silva and Zainudeen (2008) considering a large sample emerging Asia BOP dataset also found little evidence to establish a direct link between perceived efficiency gains from reduced travel time and potential for greater income generation or cost saving. Even later (Samarajiva, 2011) points to the finding from a similar dataset but a more recent one where the main economic benefit of using a mobile phone is perceived by the BOP to be the reduction of travel; and not necessarily income generation or cost savings.
However, when specific industries have been considered, the results seem to be rather different. That mobile connectivity can help the fishermen access up-to-date information, fish prices at various locations along the beach of Kerala in India at reduced transaction costs thereby improving both consumer and producer surplus has been comprehensively discussed in the seminal paper by Jensen (2007) . The findings have been supported by others; particularly (Aker, 2008; De Silva and Ratnadiwakara, 2010) by considering farmers in Niger and in Sri Lanka respectively. Some of these studies have contributed further to the literature by considering the economic benefit to farmers in the use of mobile phones for up-to-date agriculture information beyond prices; for instance on crop selection, finance, availability of fertilizer and on logistics etc.
Another widely-studied area is mobile phone-aided payments and remittances with services such as M-PESA of Kenya making an all new industry possible by leveraging existing inefficiencies of the traditional banking systems of some countries (Pulver 2009, Morawczynski and Pickens 2009) . However, such services have not necessarily been widespread. Considering the use and potential for remittances using mobile phones at the emerging Asian BOP (Sivapragasam et al., 2010) found very little use but that the living standards of those who were using such services were better than those who did not. They and also Alampay (2009) concluded that greater knowledge and trust of the services was essential for enhanced use of mobile remittances and the general use of mobile phones for financial transactions in this segment of society. Now, this change is beginning to take place and more and more mobile money services are being started while service providers are actively educating users on their benefits. A good example is the recent launch of mobile money service 'eZcash' in Sri Lanka (Dialog, 2012) .
BOP women's phone use and their successful track-record in microfinance
In this scenario the gender difference in the adoption and the resulting benefits of mobile phones become important. Do men find the use of mobile phones more useful in their day-today lives than women, or do women leverage the use of mobile phones more? A number of studies have found that historically the use of phones by women has been lower than men in various parts of the world, be it in the developed or the developing world (Gurumurthy, 2004; Zainudeen, 2010) . Souter et al. (2005) in a study among users in Africa and India that found significant gender differences, suggest that social norms and financial considerations could have impact upon the differences. Huyer et al. (2006) reporting a West African study posits that that women's use of mobile phones was mostly for personal and social reasons while men used mobile phones more for work-related reasons. Zainudeen et al. (2008) , using a large sample dataset from 2006, find that a significant gender divide in direct access to mobile phones (i.e., ownership) existed at the BOP in Pakistan and India while it was less so in Sri Lanka and by-and-large not present at the BOP in the Philippines and Thailand. However, the authors assert that even though differences in direct access existed, there was not much difference in the actual usage of phones except in Pakistan, which, they eluded to the Muslim dominated cultural and social context in that country. But, how much has changed over the years? It still seems to be the case that direct-access and use of mobile phones is higher among men than women at the emerging Asian BOP (except for Thailand) as indicated by the most recent LIRNEasia data for 2011 (Samarajiva, 2011 There is evidence to suggest that women are discriminated against in the formal banking systems in some countries. For instance, Chowdury (2009) says women borrowers constitute only less than one percent in the formal financial sector in Bangladesh but at Grameen Bank ninety seven percent borrowers are women. compared to 89 percent for men. Having observed such levels of repayment by women over the years, IFAD (2011; p.xx) asserts that "poor women also tend to have the best credit ratings".
In explaining such finding Ledgerwood (2002) argues that women generally have a higher sense of responsibility (than men) and are affected by social pressure in their demonstrated higher repayment and savings rates than men. But, considering another angle Rahman (2001) argues that women are more easily influenced by peer-pressure and the interventions of the loanmanagers. MFI literature indicates that improving women's ability to access microfinance services benefit the BOP families as a whole. Evidence show that poor women reinvest much more of their income from micro-enterprises in their families and communities than men do; financing such items as healthcare, education for their children and improving their living arrangements (Ledgerwood, 2002; themix.org 2010) . However, it must be also noted that not all view microfinance in this light and serious allegations have been made that MFIs are exploiting poor women (The Hindu, 2011).
Information needs and sources of micro-enterprises and the use of mobile phones
In this Lokanathan and Kapugama (2012) delve in to this topic by considering smallholders and microenterprises in agriculture in India, Bangladesh, Sri Lanka and Thailand. They find that for smallholders, the main information needs over an entire crop cycle are on fertilizer, market prices and pesticides depending on the stage of the crop cycle. For agricultural microenterprises, (limited here to collectors, traders, commission agents and retailers of agricultural produce) it was found that the main information needs to be market prices, sources and costs of inputs and information on transport in that order. The authors also found that the most important sources of information and advice were family, friends and peers besides their own knowledge. In terms of the use of mobile phones to elicit information and advice mobile phones were second to face-to-face meetings and the most important 'economic' benefit of the phone was the ability to reduce travel costs, to paraphrase Donner (2010) , in their sales and marketing and procurement processes.
2.4
Female-headed households as a proxy for women owned micro-enterprises to assess possible economic improvement of household via mobile phone use
Given the already-acknowledged positions that women are more reliable and successful at managing microfinance for micro-enterprises and that the use of mobile phones can improve the economic wellbeing of such enterprises we theorize that greater use of mobile phones for business related purposes by female-headed households could improve the economic position of such households disproportionately to male-headed households. Here we assume that a woman heading a household is not very different to a woman running a micro-enterprise; in that unlike a woman who is not heading a household a woman heading a household has much more financial responsibility in ensuring the sustenance of that household just as in the case of a micro-enterprise. If we find that female-headed households are significantly different (lower or negative) to male-headed households both in economic terms and the use of mobile phones, then there is a strong and compelling case to promote greater use of phones and more-than-voice services among such households by designing and developing specific interventions. The findings and resulting policy perspectives can be used by the multitude of stakeholders working on women's empowerment issues ranging from governments to nongovernment organizations to MFIs to mobile phone service providers to design and develop programs and strategies to improve the economic conditions of female-headed households at the BOP.
Methodology and Data Description
This paper uses data from a multi-country study of ICT use at the BOP in Bangladesh, India, Pakistan, Sri Lanka and Thailand. The study titled Teleuse@BOP4 was conducted by LIRNEasia during the months of May-June 2011 and considered all at the BOP between the ages of 15 and 60 from both rural and urban locations. The only filter was that the respondents had to have used a telephone to make or receive at least one voice call in the three months prior to the survey. BOP was defined as Socio Economic Classification (SEC) groups D and E. SEC is a widely used method to categorize households in to groups based on the education and occupational status of the Chief Wage Earner of the household and ranges from A (top) to E (bottom).
The survey consisted for 9,066 face-to-face interviews. The sample was selected to allow for the findings of the study to be projected back to the BOP of each country by using a multi-stage stratified cluster sampling by probability proportionate to size (PPS) to select the target number of urban and rural centers. After determining the number of centers to be selected; urban and rural areas were selected again using PPS on a constant population interval on geographically ordered centers. In each selected centre, a common place such as a road, park, hospital etc.
was designated the starting point for contacting households. Only one respondent was selected from each household using the KISH grid to be interviewed.
Figure 1: Study locations and composition of sample
Of the total 9,066 interviewed, 3,239 respondents were identified as chief wage earners of their respective households. The market research industry generally defines the Chief Wage Earner (CWE) as the person who makes the highest contribution towards household expenses. An overview of the sample with gender information is given in Table 1 . The data shows that men head the vast majority of households at the BOP in the selected emerging Asian region with the highest being Bangladesh and the lowest being Thailand; where a quarter of the BOP households are women-led. Next we consider the marital status of the CWE to assess the 'support' of a spouse in managing the affairs of households at the BOP as per Pakistan. It is thus clear that at the BOP of the selected countries the marital status of the CWE is quite different in terms of whether a man or a woman is heading the household. The variability of the differences however, seem to be subject to the country of residence. Given our objective to determine the differences in economic success between men and femaleheaded households, and the possible interventions via mobile more-than-voice services by a multitude of stakeholders, this is an important finding in terms of designing and implementing such services. Next we examine the educational background of the gender-wise CWE sample at the BOP. Irrespective of their gender, majority of BOP household are led by a person having at most just a primary level education. Also striking is the fact that a large share of CWEs have never been to a school; more so women than men, up to almost half in Bangladesh and even more in India.
While the low level of education of the CWE is one of the reasons for these households to be categorized at the BOP (SEC takes in to account education and occupation) the distinction between men and female-headed households is important for the purposes of our investigation for instance in training them to use and benefit from mobile phone technology based services.
Analysis and Discussion
In this section we first test to determine if the economic status of male-headed households and female-headed households are the same or if they are different. Thereafter we conduct a series of tests to determine if significant differences exist between male-headed versus femaleheaded households in the awareness, use and perceived benefits from mobile phones. If in both cases female-headed households are found to be behind male-headed households based on the previously discussed literature and theorization there will be opportunities to target female-headed households with appropriate mobile phone based services to improve their economic situation.
Economic status of male-headed and female-headed households
As the first step, we test the mean monthly income of male-headed households and households in the sample to see whether there is a significant difference between two means to positively conclude that the gender of the CWE is material in the economic success of the household. To check whether there is a significant difference between mean monthly income between male-headed households and female-headed households, the t-test for the difference between means is carried out. The details of the analysis given in the table below indicate that with 95% of confidence it can be concluded that there is a significant difference between the two. 
Adoption and use of mobile phones and services
We find other alternatives such as common household mobile phone (6.5% vs. 13.7%) or other household member's mobile phone (7.3% vs. 11.3%). As seen in Table 5 , besides making and receiving phone calls, the mobile phone is used heavily to send and receive missed calls both by men and women household heads; but much more so by men. As has been discussed inter alia by LIRNEasia in many of their presentations on the Teleuse@BOP series, the use of missed calls has grown as an innovative strategy to reduce communication expenses. They are used to 3 Note that we converted the incomes from country specific currencies to USD and included all households with a per capita income of not more than USD 2 per day. We found that there are on average 4.7 members lives in a CWE household and assumed CWE works for 25 days in a month for 2USD/day. Incidentally, the USD 2 per day per capita income has been used elsewhere (LIRNEasia, 2009) inform various pre-agreed messages such as having reached a destination or having completed an assigned task. In addition, the use of short message services (SMS) also appear to be significant but as opposed to the 'missed call phenomenon' the use of SMS seem to be higher among the women heads of households. Another interesting feature is the fairly significant use of the feature to check credit on their phone (almost all are pre-paid users) and the finding that women household heads using it more than men household heads. Over the years the phone has also been loaded with various instrumental features that can be effectively used to enhance the user's day-to-day living. Immaterial of gender it was found that the flashlight, alarm clock, calendar, calculator, music player, FM radio, games and camera were some of the regularly used features.
Use of more than one SIM connection is a strategy used by some at the BOP to reduce communication costs by restricting calls within the same network. We find that most men and women heads of households use only 1 SIM connection (87%, i.e. 1584 out of 1814 5 and 93%,
i.e. 263 out of 284 5 respectively) while a significantly higher number of men household heads (12.6%) use multiple SIMS (mainly two) than women household heads (7.4%).
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These are CWEs who are using their own mobile phones. 5 CWE's who answered for this question were taken into consideration.
Having considered the adoption and use of phones and accompanying instrumental features as well as strategies to reduce communication expenses between men and female-headed households we now turn to the awareness of various more-than-voice services.
Awareness and use of more-than-voice services
In this section we test for the differences in awareness of economic-related more-than-voice services on mobile phones between men who head households and women who head households. The following four alternate hypotheses are tested: Hypothesis 1: Awareness of banking and financial services is higher among men headed households than women headed households; Hypothesis 2: Awareness of making and receiving a payments is higher among men headed households than women headed households; Hypothesis 3: Awareness of access to government services is higher among men headed households than women headed households; and Hypothesis 4: Awareness of livelihood related information is higher among men headed households than women headed households.
5
The Chi-square test for proportions is used to test all hypotheses since we are dealing with categorical data. Note the data is for CWEs using their own mobile phones. The services have been described as the following in the questionnaire. Banking and financial services: Checking balance status in a bank account, mini-statements and checking of account history, monitoring term deposits, access to loan statements, ordering check books etc. Making or receiving a payment: Paying utility bills such as electricity/water bill, telephone bill, paying insurance premium, reloading mobile phone etc. as well as sending or receiving money/talk time to/from someone. Governmental services: Payment of property tax, applying for water/electricity/telephone connections, registration of birth and death, filing of passport forms, filing tax returns etc. Livelihood related information: Price alerts, market information, stock updates, business information, etc. Result: Accept H a at 95% level of confidence
As the above set tables indicate men who head households are more aware of economicrelated more-than-voice services available on mobile phones than women who head households. The alternate hypotheses that male-CWE are more aware than women-CSE can be accepted in the case of payment, government and livelihood services, while only in the case of financial services that it cannot be accepted even though male-CWE seem to be slightly better in percentage terms. This is an important finding given the earlier discussion of the literature on the success of women in microfinance; in that they are better than men (no condition on being head of household) in repayment of such loans. Not withstanding the gender-wise awareness of the four services above, we find only male-CWE are using any of the services though the numbers are very low at the BOP; only 1 male-CWE used banking and financial services, only 13 male-CWEs used payment services, and only 8 male-CWEs used a mobile phone to access government services in the entire sample.
Even though more-than-voice services as described earlier are not widely used at the BOP what we find is that the mobile phone in general is used fairly regularly for economic-related activity as given below in table 10. But again, as in the case with more-than-voice services men who head households were found to use the phone for economic-related communications much more than women who head households.
Efficiency improvements via mobile phones
Having considered the awareness and use of mobile phones and more-than-voce services the next area of consideration is the efficiency gains to the households as perceived by the men who head households and women who head households. The most significant efficiency gain via mobile phones has been documented by many (including multiple papers by LIRNEasia) as being the ability to reduce travel costs. We test for the accuracy of this position and also to ascertain if there is a gender difference in the perception. We find that women heads of households see greater benefits from mobile phones in improving their efficiency of day-to-day work than men heads of households, as shown in Table   12 .
Perceptions of economic benefits of using mobile phones
We now consider the perceived economic benefits of using a mobile phone by considering the gender of the head of the household. Seven hypotheses are tested to assess if men who head households perceive that such benefits are greater than women who head households. and obtaining information with respect to work as well as the ability to make livelihood decisions are all perceived to be relatively high by both men and women headed households.
The ability to make money and access to finance on the other hand do not seem to be high in the perception list. In terms of the gender difference, except for issues concerning contacting people and obtaining information about work and decisions on livelihood decisions, men headed households perceive mobile phones to be statistically significantly more beneficial than women heading households.
Business and social relationship management
Building and maintaining relationships is important for success in economic activity. This is no different at the BOP. However, given there is no real demarcation between social and business calls among this group as pointed out by, inter alia, de Silva et al. (2011) 
Policy Implications, Further Research and Concluding Thoughts
This paper was structured on the premise that given women are more reliable and successful at managing microfinance for micro-enterprises and that the use of mobile phones can improve the economic wellbeing of such enterprises by reducing transaction costs in obtaining relevant information and access to, inter alia, finance, if we find that female-headed households are significantly below male-headed households in (1) economic terms and (2) the use of mobile phones for economic related purposes, then there is a strong and compelling case to promote greater use of phones and more-than-voice services among such households by designing and developing specific interventions to improve their economic standing. Our assumption was that a woman heading a household is not very different to a woman running a microenterprise; in that unlike a woman who is not heading a household, a woman heading a household has much more financial responsibility in ensuring the sustenance of that household just as in the case of a micro-enterprise.
The results are clear on both counts. Yes, female-headed households are economically worse off than male-headed households. And yes, women who head households are, by and large, using their mobile phones in less beneficial ways to improve the economic situation of the household, and also perhaps as a result, perceive the benefits of mobile phones to be lesser than their counterpart men. This is while evidence is stacking up on how credit-worthy women micro entrepreneurs are, and how well women manage their microfinance liabilities.
Herein lays the opportunity for mobile phone service providers and stakeholders working on women's empowerment issues to design and develop applications and strategies to target female-headed households to leverage mobile phones and more-than-voice services to improve their economic status. Take financial services for instance. In this paper we find that awareness and use of finance-money-payment related more-than-voice services are low among the BOP and within it that female-CWEs are significantly behind male-CWEs. At the same time we find that the variation in access to a bank account by female-headed households is significant among the BOP in the different countries as seen in Tables 22. Here we find that access to bank accounts by female-headed households range from 95 per cent in Sri Lanka to 17 per cent in Bangladesh to 8 per cent in Pakistan. 6 In this situation how one builds on the microfinance success of women to leverage finance-related more-than-voice services to help uplift the woman-headed household at the BOP becomes an interesting question. It certainly looks possible to design services at least in Sri Lanka, Thailand and India
6
The main reason for large numbers of bank account holders in Si Lanka is due to a scheme where government social protection payment is paid in to a bank account.
but it needs to kept in mind that just because women who participate in microfinance programs (self-selection) have been better than men it cannot necessarily be assumed all women, including those who head households, will be the same. In addition, several important issues must be borne in mind in designing any such service; including their very limited education level (primary) and how they build and maintain social networks focused on the family.
As discussed, this paper has been limited to the specific questions posed and analyses, given the available data. The initial findings thereby open up a new angle of research and there is much that needs to done before one could conclusively be able to link these findings to how women's success at microfinance could be leveraged via mobile phones to improve the economic situation of female-headed households at the BOP in the emerging Asian region.
Limitations of the Study
In questionnaire, Chief Wage Earner is interpreted as the person in the house who makes the highest contribution towards household expenses. There may be situations in which the person who earns for the family and the person who spends that money are two different people. We believe that the person who earns for the family to bare the most part of the household expenses is the CWE mentioned in the paper.
